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Both cellular differentiation and stem cell maintenance must occur at the root apex in 
order to ensure the continuous growth of plant roots. In this issue of Cell, Wildwater et al. 
(2005) reveal that a canonical Retinoblastoma pathway plays a crucial role in regulating the 
balance between differentiation and renewal of plant root stem cells.Everlasting  developmental  youth  is 
often  touted  as  a  unique  feature  of 
plants.  At  the  shoot  and  root  apex, 
populations of stem cells, termed mer-
istems, provide a nearly unlimited sup-
ply  of  undifferentiated  cells  that  later 
follow various differentiation pathways 
to  produce  the  organs  and  tissues 
constituting  the  plant  body  (Weigel 
and Jürgens, 2002). Because the rate 
at which cells are displaced  from  the 
meristem equals the rate at which cells 
are added  through division, a pool of 
cells  can  be  maintained  throughout 
the  life of  the plant, supplying  fuel  for 
adaptive developmental changes.
Both shoot and root meristems con-
tain  organizing  centers  that  provide 
positional  cues  important  for  stem 1180  Cell 123, December 29, 2005 ©2005cell  specification  and  maintenance. 
In  the  root,  much  work  has  focused 
on  dissecting  the  genetic  pathways 
that  specify  the  organizing  center  of 
the  meristem,  termed  the  quiescent 
center  or  QC.  Two  pathways  work 
together  to  provide  positional  infor-
mation  that  specifies  the  QC:  the 
SHORTROOT/SCARECROW  pathway 
provides radial information (Di Lauren-
zio et al., 1996; Helariutta et al., 2000; 
Sabatini  et  al.,  2003),  whereas  polar 
transport  of  the  plant  hormone  auxin 
focuses  PLETHORA1/2  expression 
at  the  root  apex  (Aida  et  al.,  2004). 
Overlap  between PLETHORA1/2  and 
SCARECROW  expression  domains 
specifies the QC. Surrounding the four 
QC cells is a single layer of stem cells  Elsevier Inc.that divide to produce the various cell 
lineages  that  constitute  the  root.  The 
columella root cap, which protects the 
meristem and plays an  important role 
in sensing gravity, develops from a sin-
gle layer of stem cells that lie below the 
QC. Cells in this layer divide periclinally 
(in parallel with the surface of the root) 
to produce, on average, four layers of 
columella root-cap cells distinguished 
by the presence of amyloplasts (organ-
elles used in the synthesis and storage 
of starch; see Figure 1).
Laser  ablation  studies  have  deter-
mined that the QC acts  in a cell-non-
autonomous manner to regulate stem 
cell  development  in  the  surrounding 
tissue layer (van den Berg et al., 1997). 
If  the  QC  is  ablated,  stem  cells  rap-Figure 1. The Effects of RBR Suppression on Stem Cells in the Roots of Arabidopsis
In wild-type roots, one layer of columella stem cells resides below the quiescent center (QC, red). The columella stem cells divide to produce several lay-
ers of differentiated columella cells containing starch-storage organelles called amyloplasts (yellow dots). Suppression of RBR by RNAi, reduction in gene 
copy number, or overexpression of an inhibitor of RBR, CycD3, results in ectopic layers of stem cells. The identity of these extra layers is dependent on 
signaling from the QC. When the QC is ablated, all stem cell layers differentiate into cells with amyloplasts.
idly  differentiate.  But  how  does  the 
QC maintain stem cell  identity? Wild-
water et al.  (2005) report  in this  issue 
of  Cell  that  a  gene  called  RETINO-
BLASTOMA-RELATED—first  discov-
ered  in  mammalian  systems  through 
its  involvement  in  oncogenesis—is 
important  for  the  regulation  of  stem 
cell maintenance in plants.
The  RETINOBLASTOMA-RELATED 
(RBR) protein is the Arabidopsis homo-
log of retinoblastoma (RB) , a cell-cycle 
regulator  first  characterized  in  mam-
mals  (Weinberg,  1995).  RB  prevents 
cell division by suppressing the transi-
tion from G1 to S phase in the cell cycle 
through inhibition of the E2F transcrip-
tion factor. RB activity is itself inhibited 
by  cyclin-dependent  kinases  (CDKs) 
that  phosphorylate  RB,  and  these 
CDKs  are  negatively  regulated by  the 
action  of CDK  inhibitors.  These  com-
ponents  of  the  mammalian  cell-cycle 
regulatory  pathway  have  homologs  in 
plants  that  appear  to  work  in  similar 
ways (Inze, 2005).
RBR exists as a single-copy gene in 
the model plant Arabidopsis, and char-
acterization  of  several  loss-of-func-
tion alleles demonstrates  that  it plays 
important roles in gametophyte devel-
opment  (Ebel  et  al.,  2004).  Because 
the  gametophyte  is  the  progenitor  of 
the gametes in plants, the role of RBR 
after  fertilization  has  been  difficult  to 
study.  To  circumvent  this  obstacle, 
Wildwater et al.  (2005)  introduced an 
RNA-interference construct (rRBr) into 
plants that suppressed RBR transcript 
accumulation  in  the  root  after  early 
embryogenesis.  Close  inspection  of 
the  root  apex  revealed  that  several 
extra cell layers developed in the colu-
mella root cap (see Figure 1). Cells  in 
these  extra  layers  were  undifferenti-
ated and did not develop amyloplasts 
as do mature columella cells. As men-
tioned before, laser ablation of the QC 
results in the differentiation of the sur-
rounding stem cells. In wild-type roots, 
this causes  the development of amy-
loplasts  in  columella  root-cap  stem 
cells. Upon laser ablation of the QC in 
rRBr  roots,  all  undifferentiated  layers 
of the columella immediately differenti-
ate,  indicating  that  the  ectopic  layers 
respond in the same way to QC abla-
tion as do stem cells. Using an in vivo time-lapse recording procedure, Wild-
water et al. (2005) tracked the rates of 
cell division  in the proximal cell  layers 
of the columella. In wild-type roots, cell 
divisions  are  limited  to  the  columella 
stem  cells.  However,  in  rRBr  roots, 
divisions  also  occur  in  the  ectopic 
cell  layers.  Together,  these data  sug-
gest that suppression of RBR function 
causes  an  increase  in  the  number  of 
stem  cells  in  the  root,  which  is  likely 
due to prolonged maintenance of stem 
cell identity.
The  observation  that  signaling  by 
the  QC  is  necessary  for  the mainte-
nance of stem cell identity in the ecto-
pic cell layers of rRBr meristems sug-
gests  that  genes  necessary  for  QC 
specification  might  also  be  required. 
Consistent  with  this  hypothesis,  loss 
of  PLETHORA1/2  activity  completely 
suppresses  ectopic  stem  cell  devel-
opment  in  rRBr  roots,  whereas  the 
scarecrow  mutation  has  a  similar 
but  weaker  effect.  Surprisingly,  loss 
of  SCARECROW  function  enhances 
the proliferation of stem cells caused 
by RBR  suppression,  including  stem 
cell  populations  that  are  unaffected 
by  the  rRBr  construct  in  a  wild-type 
setting. Furthermore, although scare-
crow mutants develop a defective QC 
that is consumed during root develop-
ment,  introduction  of  the  rBRr  con-
struct  rescues  the QC and maintains 
meristem  development.  Consistent 
with the observed rescue of QC devel-
opment and the enhancement of stem 
cell populations,  laser ablation of  the 
QC  results  in  the  rapid differentiation 
of  ectopic  stem  cells  in  scarecrow 
mutant roots with the rRBr construct. 
These  data  indicate  that  scarecrow 
defects in QC development are caused 
by  unrestrained  RBR  activity,  which 
leads to premature differentiation, and 
that  these  defects  can  be  rescued 
by suppressing RBR  transcript accu-
mulation. Consistent with  this model, 
overexpression of an inducible form of 
RBR results in the rapid differentiation 
of stem cell populations.
Previous  work  has  demonstrated 
that SCARECROW activity in the QC is 
necessary  for stem cell maintenance, 
indicating  that  SCARECROW  inhibits 
RBR activity in the QC itself or acts cell 
nonautonomously  in  the  stem  cells. Cell 123, DeceWildwater  et  al.  (2005)  favor  the  QC 
as  the  site  of  SCARECROW-depen-
dent  RBR  suppression.  First,  using 
clonal analysis, they demonstrate that 
cells with  reduced  levels  of RBR  can 
have  cell-nonautonomous  effects. 
Furthermore, they find that QC signal-
ing  is  necessary  for  the maintenance 
of  stem  cells  in  an  RBR-suppressed 
background.  If  the  QC  is  necessary 
to transmit a signal to the surrounding 
stem cells to suppress RBR, then stem 
cell maintenance should be  rendered 
QC  independent  in  an  rRBr  back-
ground.  In  the end,  the authors  state 
that QC- and stem cell-specific elimi-
nation of RBR  function will be neces-
sary to conclusively determine the site 
of action of RBR regulation.
Wildwater  et  al.  (2005)  conclude 
their  analysis  by  examining  the  role 
that upstream and downstream com-
ponents  of  the  RBR  pathway  have 
on  stem  cell  maintenance.  cyclin D 
(CycD)  promotes  cell-cycle  progres-
sion  by  suppressing  RBR  function 
in  plants  and  mammals  and,  when 
overexpressed  in  the  root,  results  in 
the  accumulation  of  columella  stem 
cells as observed in rRBr roots. Over-
expression  of  the  cyclin-dependent-
kinase  inhibitor  KRP2  results  in  the 
loss of stem cells similar  to  that seen 
with RBR overexpression. Finally, over-
expression  of  the  transcription  factor 
E2Fa and its cofactor DPa results in an 
excess  of  stem  cells,  consistent  with 
E2F  acting  as  a  positive  regulator  of 
cell-cycle progression downstream of 
RBR.  In all cases where ectopic stem 
cell development was observed, abla-
tion  of  the  QC  resulted  in  their  rapid 
differentiation.
Although RBR is a single-copy gene 
in Arabidopsis,  several  genes  related 
to  E2F,  KRP,  and  CycD  exist  in  the 
genome.  Thus,  it  will  be  important 
for  future  studies  to  identify  the  spe-
cific  members  of  the  RBR  pathway 
that  control  stem  cell  maintenance 
and cellular differentiation  in  the  root. 
It  will  also  be  intriguing  to  determine 
the actual transcriptional targets of the 
E2F  members  that  determine  “stem-
ness” in plant stem cells. These stud-
ies may lead to a rigorous mechanistic 
understanding  of  the  processes  that 
guide a cell from birth to maturity.mber 29, 2005 ©2005 Elsevier Inc.  1181
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